Introduction
The artificial control of reproduction in the pearl oyster Pinctada margaritifera would enable a managed supply of spat to be produced for pearl farms throughout French Polynesia. Moreover, it would open the way for selection based on families with desired traits. In the wild, the pearl oyster, Pinctada margaritifera, undergoes continuous gametogenesis because 4 (T-Iso) supply the main fatty acids and sterols, naturally present in the female gonads. 67
Moreover, Hashimoto, Hyodoh, Hirose, Nishikawa, Katano & Nakano (2008) showed that the 68 growth rate and glycogen content of P. fucata were highest when oysters were fed with C. 69 gracilis and Isochrysis. Retention efficiency of P. margaritifera gills reached 98 % for the 70 microalgae C. gracilis and T-Iso, and the highest CR values for this pearl oyster were 71 observed with this combination of algae (Pouvreau, The present study describes experiments aiming to define the quantitative nutritional 84 requirements of P. margaritifera and to describe the link between food and the reproductive 85 parameters of gonadic growth and gametogenesis. The influence of food was assessed (i) to 86 determine the kinetic parameters of feeding: the maximum ingestion rate (Imax), the half 87 saturation coefficient (Xk) and the assimilation efficiency (AE); (ii) to describe the link 88 between food level and reproduction, studied by measuring gonad size; and (iii) to observe 89 the germinal activity by histology, focusing on frequency of gonial cells in the gonad. 90
Materials and methods

92
Experimental set up 93
The pearl oysters were placed in tanks of 500 L volume with controlled flow-through. 94
Seawater was renewed at the rate of 100 L h -1 and maintained at 26 °C during all the 95 experiments. The pearl oysters were fed with a mixed diet composed of a 2:1 (v:v) mix of 96
Isochrysis galbana (T-Iso) and Chaetoceros gracilis cells, supplied continuously with 97
Ismatech rotary piston pumps. 98
Experimental designs 99
Experiment 1: Ingestion and assimilation estimations
100
The pearl oysters used in this experiment measured on average 108 ± 7 mm in height. (Pouvreau 1999) . 122
Assimilation efficiency (AE) of organic matter (OM) was assessed by analyzing microalgae 123 and biodeposits according to the method of Conover (1966) . The pearl oysters were laid out in 124 a collector, in which the deposits were collected on a 10 µm sieve. Biodeposits were 125 centrifuged for 15 min at 4500 t min -1 . The supernatant was removed and the pellet washed 126 twice with ammonium formate (37 % in distilled water). The pellet was then put in a pre-127 weighed aluminum cup to be dried at 60 °C for 48 hours before being burnt at 450 °C for 4 128 hours. Microalgae OM was obtained by the centrifugation of 5 liters of the microalgae 129 mixture and treatment of the pellet according to the same procedure as for the biodeposits. 
146
Forty pearl oysters of 85 ± 6 mm mean height were conditioned for 60 days. The oysters were 147 fed with the mixed diet described in the Experimental set up section, supplied continuously at 148 two food levels: 1.5 and 15 cell µL -1 . Initial samples of 10 pearl oysters were taken at the start 149 of the experiment, and then two more samples of 10 pearl oysters were taken from each food 150 level treatment on days 30 and 60. 151
Gonad analysis 152
Measurement of the reproductive effort
153
After flesh dissection, the visceral mass (VM) was drained on absorbant paper, weighed and 154 put in 10 % formalin seawater for 72 h before being transferred into 70 % ethanol. VM were 155 cut along the sagittal plane and digital images obtained using a desktop scanner (Fig. 1) . The 156 digital pictures were then analysed using ImageJ software. Gonad size was characterized 157 using a gonad development index (GDI), which is equal to the ratio of the gonad surface (G) 158 to the VM area of a sagittal section (GDI = G/VM). 159
Histology
160
For histological analysis, the fixed gonads were dehydrated through a graded series of 161 ethanol, embedded in paraffin, sectioned into 3 -4µm slices on a rotary microtome, stained 162 with Giemsa dye and finally mounted on glass microscope slides. Gametogenesis was 163 analysed by recording the presence or absence of the gonial cells (GC). Normal 164 gametogenesis was characterized by the continuous presence of gonia along the gonadal 165 epithelium. Two situations were described as abnormal: the absence of any germ cells or the 166 presence of clusters of gonia. 167
Statistics 168 AE was analysed using arcsine square root AE/100 value. Means were compared between the 169 microalgae concentrations, using one-way ANOVA followed by Fisher's tests. The 170 relationship between food level and reproduction was analyzed by examining changes in the 171 visceral mass using two-way ANOVAs on the arcsine square root-transformed GDI. When a 172 significant effect (p < 0.05) was found, a Multiple Range Test (Tukey honest significance 173 difference test: HSD) was used to determine which means were significantly different. In all 174 cases, a significance level (α) of 0.05 was used. Impact of food level on germinal activity 175 frequency was analyzed using Fisher's exact test, which is designed for small samples. 176
177
Results
178
Ingestion rate modeling and assimilation efficiency
179
Eighteen measurements of ingestion rate were recorded over 24h, from 4 to 45 cell µL -1 algae. 180
A double-inverse linearization allowed us to obtain a constants to estimate Imax and Xk, the 181 kinetic parameters of feeding behaviour (Fig. 1) Chaetoceros gracilis cells, we showed that the ingestion rate increases with food density at a 219 decelerating rate until a maximum is reached above which ingestion rate remains constant. 220 AE was maximal until the microalgal concentration of 30 cell µL -1 corresponded to twice the 221 half saturation coefficient; it then decreased significantly. 222
Knowing the feeding parameters, it was then useful to study the link between food level and 223 reproduction by testing the impact of food level on gonad growth. To study this relationship, 
